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AUTOMOTIVE ALTERNATOR 

This application is based on Application No. 2001-7924, filed in 
Japan on January 16, 2001, the contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an automotive alternator and 
particularly to an automotive alternator in which cooling of a stator is 
improved by making cooling airflows flow through cooling airflow 
ventilation channels formed by coil end groups of a stator winding and tooth 
portions of a stator core. 

2 . Description of the Related Art 

Figure 22 is a cross section showing a conventional automotive 
alternator, Figure 23 is a perspective showing a stator used in the 
conventional automotive alternator, Figure 24 is a schematic diagram 
explaining a method for manufacturing a conventional stator core, and 
Figure 25 is a plan showing the conventional stator core. 

In Figures 22 and 23, the conventional automotive alternator 
includes: a case 3 constituted by an aluminum front bracket 1 and an 
aluminum rear bracket 2; a shaft 6 disposed inside the case 3, a pulley 4 
being secured to a first end of the shaft 6; a Lundell-type rotor 7 secured to 
the shaft 6; cooling fans 5 secured to first and second axial end portions of 
the rotor 7; a stator 8 secured to the case 3 so as to envelop the rotor 7; slip 
rings 9 secured to a second end of the shaft 6 for supplying electric current 
to the rotor 7; a pair of brushes 10 sliding on surfaces of the slip rings 9; a 
brush holder 11 accommodating the brushes 10; a rectifier 12 having a 
rectifier heat sink 12a, the rectifier 12 being electrically connected to the 
stator 8 for converting alternating current generated in the stator 8 into 
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direct current; and a regulator 18 mounted to a regulator heat sink 17 fitted 
onto the brush holder 11, the regulator 18 adjusting the magnitude of the 
alternating voltage generated in the stator 8. 

The rotor 7 is constituted by: a field winding 13 for generating 
magnetic flux on passage of an electric current; and a pair of first and 
second pole cores 20 and 21 disposed so as to cover the field winding 13, 
magnetic poles being formed in the first and second pole cores 20 and 21 by 
magnetic flux generated in the field winding 13. The pair of first and 
second pole cores 20 and 21 are made of iron, each has a plurality of first 
and second claw-shaped magnetic poles 22 and 23 having a generally 
trapezoidal outermost diameter surface shape disposed on an outer 
circumferential edge portion at even angular pitch in a circumferential 
direction so as to project axially, and the first and second pole cores 20 and 
21 are fixed to the shaft 6 facing each other such that the first and second 
claw-shaped magnetic poles 22 and 23 intermesh. 

The stator 8 is constituted by: a cylindrical stator core 15 in which 
slots 33 extending parallel to an axial direction are arranged at an even 
angular pitch in a circumferential direction; and a stator winding 16 
installed in the slots 33 of the stator core 15. The stator winding 16 is 
constituted by three wave-winding phase portions each formed by installing 
a conductor wire 29, functioning as an electrical conductor composed of a 
copper wire material having a circular cross section coated with electrical 
insulation, into a wave shape in every third slot 33. The wave -win ding 
phase portions are each installed in the stator core 15 such that the slots 33 
in which each wave-winding phase portion is installed are offset by one slot 
from those of each of the other wave-winding phase portions. In addition, 
the wave-winding phase portions are each formed by winding the conductor 
wire 29 into a distributed winding. The stator 8 is held between the front 
bracket 1 and the rear bracket 2 so as to form a uniform air gap between 



2 




outer circumferential surfaces of the first and second claw-shaped magnetic 
poles 22 and 23 and an inner circumferential surface of the stator core 15. 

Moreover, the number of magnetic poles in the rotor 7 is twelve, and 
there are thirty-six slots 33 formed in the stator core 15. In other words, 
the slots are formed at a ratio of one per phase per pole. The stator 
winding 16 is formed into a three-phase alternating-current winding by 
forming the three wave-winding phase portions into an alternating-current 
connection (a Y connection, for example). 

A method for manufacturing the stator core 15 will now be 
explained with reference to Figure 24. 

First, a long magnetic steel plate 30 is supplied to a pressworking 
machine (not shown), and formed into tooth portions 30a and a base portion 
30b. Then, the magnetic steel plate 30 is supplied to a core manufacturing 
device (not shown). Here, the magnetic steel plate 30 is bent and wound 
up into a helical shape by intermeshing pins 34 in gaps 30c defined by the 
tooth portions 30a and the base portion 30b as shown in Figure 24. The 
magnetic steel plate 30 is laminated to a predetermined thickness and then 
cut. Outer circumferential portions of the magnetic steel plate wound up 
in this manner are welded to obtain the stator core 15 shown in Figure 25. 
Here, the tooth portions 30a and the base portion 30b are each stacked up in 
the wound magnetic steel plate 30 in the direction of lamination. 

As shown in Figure 25, the stator core 15 manufactured in this 
manner includes: a cylindrical base portion 32; tooth portions 31 each 
extending from an inner circumferential surface of the base portion 32 
toward an axial center; and the slots 33, which are defined by the base 
portion 32 and adjacent pairs of the tooth portions 31. The tooth portions 
31 are disposed at an even angular pitch on the inner circumferential 
surface of the base portion 32. 

In the conventional automotive alternator constructed in this 
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manner, an electric current is supplied from a battery (not shown) through 
the brushes 10 and the slip rings 9 to the field winding 13, generating a 
magnetic flux. The first claw-shaped magnetic poles 22 on the first pole 
core 20 are magnetized into North-seeking (N) poles by this magnetic flux, 
and the second claw-shaped magnetic poles 23 on the second pole core 21 
are magnetized into South-seeking (S) poles. 

At the same time, the pulley 4 is driven by an engine and the rotor 7 
is rotated by the shaft 6. A rotating magnetic field is applied to the stator 
core 15 due to the rotation of the rotor 7, generating an electromotive force 
in the stator winding 16. Then, the alternating electromotive force 
generated in the stator winding 16 is converted into direct current by the 
rectifier 12 and the magnitude of the output voltage thereof is adjusted by 
the regulator 18, recharging the battery. 

Now, the field winding 13, the stator winding 16, the rectifier 12, 
and the regulator 18 are constantly generating heat during power 
generation, and in an automotive alternator having a rated output current 
in the 100 A class, the amount of heat generated at rotational frequencies at 
which the temperature is high is 60 W, 500 W, 120 W, and 6 W, respectively. 

Thus, in order to cool the heat generated by power generation, 
front-end and rear-end air intake apertures la and 2a are disposed through 
axial end surfaces of the front bracket 1 and the rear bracket 2, and front- 
end and rear-end air discharge apertures lb and 2b are disposed through 
radial side surfaces of the front bracket 1 and the rear bracket 2 so as to face 
coil end groups 16f and 16r of the stator winding 16. 

Thus, the cooling fans 5 are rotated and driven together with the 
rotation of the rotor 7, and cooling airflow channels are formed in which 
external air is sucked inside the case 3 through the front-end and rear-end 
air intake apertures la and 2a, flows axially towards the rotor 7, is then 
deflected centrifugaUy by the cooling fans 5, thereafter crosses the coil end 
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groups 16f and 16r, and is discharged outside through the front-end and 
rear-end air discharge apertures lb and 2b. Furthermore, as a result of a 
pressure difference between a front end and a rear end of the rotor 7, a 
cooling aii-flow channel is formed in which cooling air flows through the 
inside of the rotor 7 from the front end to the rear end. 

As a result, heat generated in the stator winding 16 is dissipated 
from the coil end groups 16f and 16r to the cooling airflows, suppressing 
temperature increases in the stator 8. Furthermore, heat generated in the 
rectifier 12 and the regulator 18 is dissipated to a cooling airflow by means 
of the rectifier heat sink 12a and the regulator heat sink 17, thereby 
suppressing temperature increases in the rectifier 12 and the regulator 18. 
In addition, heat generated in the field winding 13 is dissipated to the 
cooling airflow which flows through the inside of the rotor 7, thereby 
suppressing temperature increases in the rotor 7. 

In the conventional automotive alternator constructed in this 
manner, it is important to suppress temperature increases in the stator 
winding 16, which is the largest heat-generating part. Since the cooling 
airflow formed by the cooling fans 5 and the rotor 7 flows through the coil 
end groups 16f and 16r of the stator winding 16 from an inner 
circumferential side in a radial direction, heat generated in the stator 
winding 16 is dissipated from the coil end groups 16f and 16r to the cooling 
airflow, thereby suppressing temperature increases in the stator 8. 

Now, in an actual alternator, the ambient temperature under the 
worst operating conditions is 90°C. Furthermore, a varnish which is 
impregnated into the slots 33 of the stator core 15 and which bonds the 
stator core 15 and the stator winding 16 has a softening temperature of 
230°C. Thus, when decreased output caused by decreased field current 
due to increased ambient temperature is taken into consideration, the 
temperature of the stator 8 can be prevented from exceeding the softening 
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temperature of the varnish even under the worst operating conditions if 
temperature increases in the stator core 8 are suppressed to 140°C or less at 
an ambient temperature of 90°C. A temperature increase of 140°C at an 
ambient temperature of 90°C corresponds to a temperature increase of 
170°C at an ambient temperature of 20°C. 

If the varnish reaches its softening temperature, heat degradation is 
promoted and bonding between the stator core 15 and the stator winding 16 
is loosened. Loosening of bonding between the stator core 15 and the 
stator winding 16 leads to rubbing between the conductor wires 29 of the 
stator winding 16 and the stator core 15, damaging the electrically- 
insulating coating of the conductor wires 29 and causing deterioration in 
electrical insulation. 

The present applicants have focused on ventilation channels passing 
through gaps between the coil end groups 16f and 16r of the stator winding 
16 and end surfaces of the stator core 15, and have found that a ratio (bt/ht) 
between a width bt and a radial length ht of the tooth portions 31, which 
define these ventilation channels as shown in Figure 26, affects the cooling 
of the stator winding 16. 

However, until now, no consideration had been given to the ratio 
(bt/ht) between the width bt and the radial length ht of the tooth portions 31. 
The stator core 15 used in the conventional automotive alternator has a 
ratio bt/ht approximately equal to 0.42 (bt = 4.8 mm; ht = 11.4 mm), for 
example. When a saturation temperature of the stator 8 was measured 
with the automotive alternator generating power at full load under stable 
output conditions, the value of increase in the saturation temperature from 
an experimental ambient temperature (20°C) was calculated to be 173°C. 
Consequently, in the conventional automotive alternator one problem has 
been that, under the worst operating conditions, the temperature of the 
stator 8 exceeds the softening temperature of the varnish, promoting heat 
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degradation and causing electrical insulation to deteriorate. 

SUMMARY OF THE INVENTION 

The present invention aims to solve the above problems and an 
object of the present invention is to provide an automotive alternator 
enabling heat degradation tolerance to be improved and deterioration in 
electrical insulation to be suppressed by appropriately setting a ratio (bt/ht) 
between the width bt and the radial length ht of tooth portions such that 
heat dissipation of a stator winding is improved, thereby keeping the 
temperature of a stator below a softening temperature of a varnish even 
under the worst operating conditions. 

In order to achieve the above object, according to one aspect of the 
present invention, there is provided an automotive alternator including: 
a shaft rotatably supported by a case; 
a rotor fixed to the shaft, the rotor being provided with: 

a field winding for generating a magnetic flux on passage of 
an electric current therethrough; and 

a plurality of claw-shaped magnetic poles disposed 
circumferentially on an outer circumferential side of the field winding, the 
claw-shaped magnetic poles being magnetized by the magnetic flux 
generated by the field winding; and 
a stator provided with: 

a cylindrical stator core supported by the case so as to 
envelop the rotor, a plurality of slots extending axially being formed in the 
stator core so as to line up circumferentially; and 

a stator winding installed in the stator core, 
wherein the stator core is constructed by laminating a magnetic 
steel plate, the stator core being provided with: 
a cylindrical base portion; 



7 




a plurality of tooth portions disposed so as to extend from the 
base portion toward an axial center; and 

the plurality of slots, each of the slots being defined by the 
base portion and an adjacent pair of the tooth portions; 

ventilation channels are formed by a coil end group of the stator 
winding and the tooth portions of the stator core, a cooling airflow 
generated by rotation of the rotor flowing through each of the ventilation 
channels in a radial direction from an inner circumferential side; and 

each of the tooth portions ia formed such that a radial length ht and 
a width bt thereof satisfy an expression 0.15 < bt/ht < 0.4. 

A cooling fan may be fixed to an axial end surface of the rotor. 

Air discharge apertures may be formed in a radial side surface of the 
case so as to correspond to the ventilation channels. 

An entire axial length of a blade of the cooling fan may substantially 
overlap the coil end group in a radial direction. 

The stator winding may be installed in the stator core as a 
distributed winding. 

The stator winding may be constituted by a plurality of winding 
sub-portions each constructed by installing an electrical conductor so as to 
alternately occupy an inner layer and an outer layer in a slot depth 
direction in the slots at a predetermined slot interval. 

The slots may be formed at a ratio of two or more per phase per pole. 

The ventilation channels may be arranged at a non-uniform pitch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross section showing an automotive alternator 
according to Embodiment 1 of the present invention; 

Figure 2 is a perspective showing a stator of the automotive 
alternator according to Embodiment 1 of the present invention; 
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Figure 3 is an enlarged partial plan showing a stator core of the 
automotive alternator according to Embodiment 1 of the present invention; 

Figure 4 is a perspective schematically showing one winding phase 
portion constituting a stator winding of the automotive alternator according 
to Embodiment 1 of the present invention; 

Figure 5 is a partial side elevation showing the stator of the 
automotive alternator according to Embodiment 1 of the present invention; 

Figure 6 is a graph showing a relationship between a ratio bt/ht in 
the stator core and temperature increase in the stator in the automotive 
alternator according to Embodiment 1 of the present invention; 

Figure 7 is a perspective showing a stator of an automotive 
alternator according to Embodiment 2 of the present invention; 

Figure 8 is a partial side elevation showing the stator of the 
automotive alternator according to Embodiment 2 of the present invention; 

Figure 9 is a cross section showing an automotive alternator 
according to Embodiment 3 of the present invention; 

Figure 10 is a perspective showing a stator of an automotive 
alternator according to Embodiment 4 of the present invention; 

Figure 11 is a partial side elevation showing the stator of the 
automotive alternator according to Embodiment 4 of the present invention; 

Figure 12 is a partial perspective schematically showing one 
winding phase portion constituting a stator winding of the automotive 
alternator according to Embodiment 4 of the present invention; 

Figure 13 is a perspective showing a stator of an automotive 
alternator according to Embodiment 5 of the present invention; 

Figure 14 is a partial side elevation showing the stator of the 
automotive alternator according to Embodiment 5 of the present invention; 

Figure 15 is a partial perspective explaining a winding construction 
of a stator winding in the automotive alternator according to Embodiment 5 
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of the present invention; 

Figure 16 is another partial perspective explaining the winding 
construction of the stator winding in the automotive alternator according to 
Embodiment 5 of the present invention; 

Figure 17 is a diagram explaining a method for manufacturing the 
stator of the automotive alternator according to Embodiment 5 of the 
present invention; 

Figure 18 is another diagram explaining the method for 
manufacturing the stator of the automotive alternator according to 
Embodiment 5 of the present invention; 

Figure 19 is a plan showing a winding assembly used in the stator 
winding of the stator in the automotive alternator according to Embodiment 
5 of the present invention; 

Figure 20A is a yet another diagram explaining a method for 
manufacturing the stator of the automotive alternator according to 
Embodiment 5 of the present invention; 

Figure 20B is yet another diagram explaining the method for 
manufacturing the stator of the automotive alternator according to 
Embodiment 5 of the present invention; 

Figure 20C is yet another diagram explaining the method for 
manufacturing the stator of the automotive alternator according to 
Embodiment 5 of the present invention; 

Figure 21 is an enlarged partial plan showing a stator core of a 
stator of an automotive alternator according to Embodiment 6 of the 
present invention; 

Figure 22 is a cross section showing a conventional automotive 
alternator; 

Figure 23 is a perspective showing a stator used in the conventional 
automotive alternator; 
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Figure 24 is a schematic diagram explaining a method for 

manufacturing a conventional stator core; 

Figure 25 is a plan showing the conventional stator core; and 
Figure 26 is an enlarged partial plan showing the conventional 

stator core. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will now be 
explained with reference to the drawings. 
Embodiment 1 

Figure 1 is a cross section showing an automotive alternator 
according to Embodiment 1 of the present invention, Figure 2 is a 
perspective showing a stator of the automotive alternator according to 
Embodiment 1 of the present invention, Figure 3 is an enlarged partial plan 
showing a stator core of the automotive alternator according to Embodiment 
1 of the present invention, Figure 4 is a perspective schematically showing 
one winding phase portion constituting a stator winding of the automotive 
alternator according to Embodiment 1 of the present invention, and Figure 
5 is a partial side elevation showing the stator of the automotive alternator 
according to Embodiment 1 of the present invention. Moreover, in the 
figures, portions the same as or corresponding to those in the conventional 
automotive alternator shown in Figures 22 to 26 will be given the same 
numbering, and explanation thereof will be omitted. 

In Figures 1 to 5, a stator 40 is constituted by: a cylindrical stator 
core 41; and a stator winding 16 installed in the stator core 41. The stator 
40 is fitted into and held between a front bracket 1 and a rear bracket 2 so 
as to form a uniform air gap between outer circumferential surfaces of first 
and second claw-shaped magnetic poles 22 and 23 and an inner 
circumferential surface of the stator core 41. 
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Next, a construction of the stator 40 will be explained in detail. 

The stator core 41 is prepared in a similar manner to the 
conventional stator core 15 by laminating a magnetic steel plate 30, and 
includes: a cylindrical base portion 43; tooth portions 42 each extending 
from an inner circumferential surface of the base portion 43 toward an axial 
center; and slots 44 which are defined by the base portion 43 and adjacent 
pairs of the tooth portions 42. The tooth portions 42 are arranged at an 
even angular pitch on the inner circumferential surface of the base portion 
43. The tooth portions 42 are each formed at a ratio of bt/ht = 0.35 (bt = 4.0 
mm, ht = 11.4 mm), where bt is a width dimension of each of the tooth 
portions and ht is a radial length dimension of each of the tooth portions. 
Moreover, thirty-six slots 44 are formed for twelve magnetic poles in the 
rotor 7. In other words, the slots are formed at a ratio of one per phase per 
pole. 

The stator winding 16 is constituted by a three-phase alternating- 
current winding in which three winding phase portions 45 are formed into 
an alternating-current connection (a Y connection, for example), the 
winding phase portions 45 each being formed by winding a conductor wire 
29 in a wave shape into every third slot 44, the conductor wire 29 
functioning as an electrical conductor composed of a copper wire material 
having a circular cross section coated with an electrical insulator. 

The winding phase portions 45 are each constructed into a wave 
winding in which the conductor wire 29 is wound for a predetermined 
number of winds, the winding phase portions 45 each being formed as 
shown in Figure 4 into a distributed winding portion having a wave-shaped 
pattern composed of: twelve slot-housed portions 45a arranged at a pitch 
of three slots (3P) in a circumferential direction; and linking portions 45b 
linking together a first half of end portions of adjacent pairs of the slot- 
housed portions 45a alternately at first and second axial ends and linking 
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together a second half of the end portions alternately at the first and second 
axial ends. The winding phase portions 45 are installed in the stator core 
41 such that the slot-housed portions 45a are housed in every third slot 44. 
The linking portions 45b linking together the end portions of the adjacent 
pairs of the slot-housed portions 45a extend circumferentially on axially 
outside the stator core 41, constituting coil ends. Here, a first half of the 
linking portions 45b extending outwards from any given slot 44 extend to a 
first circumferential side and enter a subsequent slot 44 three slots away on 
the first circumferential side, and a second half thereof extend to a second 
circumferential side and enter a subsequent slot 44 three slots away on the 
second circumferential side. 

The three winding phase portions 45 are installed in the stator core 
41 such that the groups of slots 44 in which each winding phase portion 45 
is installed are offset by a pitch of one slot (IP) in a circumferential direction 
from each other and the three winding phase portions 45 are stacked into 
three layers radially. The coil ends (the linking portions 45b) of the three 
winding phase portions 45 constitute front-end and rear-end coil end groups 
16f and 16r of the stator winding 16. Moreover, although not shown, a 
varnish is impregnated into the slots 44 which house the stator winding 16, 
fixing the stator winding 16 to the stator core 41. 

As shown in Figure 5, in the stator 40 constructed in this manner, 
ventilation channels 100 formed by the coil end groups 16f and 16r and the 
tooth portions 42 of the stator core 41 are arranged circumferentially. 
Front-end and rear-end air discharge apertures lb and 2b are formed 
through radial side surfaces of the front bracket 1 and the rear bracket 2 so 
as to correspond to the ventilation channels 100. 

The rest of the construction is similar to that of the automotive 
alternator shown in Figures 22 to 26. 

According to Embodiment 1, because the ratio (bt/ht) between the 
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width bt and the radial length ht of each of the tooth portions 42 of the 
stator core 41 is 0.35, the ventilation channels 100 formed thereby are 
narrow compared to those in the conventional stator 8 which has a ratio of 
bt/ht = 0.42. Because cooling airflows generated by cooling fans 5 flow 
through the narrow ventilation channels 100, the speed of the cooling 
airflows is increased and heat generated in the stator winding 16 is 
efficiently dissipated to the cooling airflows, suppressing temperature 
increases in the stator 40. 

Because temperature increases in the stator 40 are suppressed, 
output can be improved. In addition, heat degradation resulting from 
softening of the varnish is suppressed, whereby damage to the electrically- 
insulating coating on the conductor wires 29 of the stator winding 16 
resulting from the conductor wires 29 rubbing against the stator core 41 is 
prevented, thereby improving electrical insulation even under the worst 
operating conditions. 

Because the cooling fans 5 are fixed to axial end surfaces of the rotor 
7, the cooling airflows are forcibly conveyed into the ventilation channels 
100 by the cooling fans 5, increasing cooling of the coil end groups 16f and 



16r. 



Because the air discharge apertures lb and 2b are disposed so as to 
correspond to the ventilation channels 100, the cooling airflows flowing 
through the ventilation channels 100 are speedily expelled through the air 
discharge apertures lb and 2b. Hence, ventilation resistance is reduced, 
increasing cooling of the coil end groups 16f and 16r and reducing wind 
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Because the stator core 41 is fitted into the front bracket 1 and the 
rear bracket 2, some of the heat generated in the stator winding 16 is 
transferred through the stator core 41 to the front and rear brackets 1 and 2. 
Then, the heat transferred to the front and rear brackets 1 and 2 is 



14 



dissipated to the cooling airflows flowing through the front-end and rear- 
end air discharge apertures lb and 2b. Hence, temperature reduction in 
the stator 40 is promoted. 

Because the winding phase portions 45 constituting the stator 
winding 16 are each constituted by distributed winding portions, the linking 
portions 45b (coil ends) of each of the winding phase portions 45 extending 
from the slots 44 are distributed half each onto the first and second 
circumferential sides. Thus, because bundles of the linking portions 45b 
are thinner and irregularities in inner wall surfaces of the ventilation 
channels 100 are reduced, increasing cooling of the coil end groups 16f and 
16r. 

A relationship between the ratio bt/ht and values of temperature 
increase in the stator 40 will now be investigated. Figure 6 shows values of 
increase in saturation temperatures from an experimental ambient 
temperature (20°C) when power was generated at full load under stable 
output conditions in an automotive alternator mounted with stators in 
which bt/ht was varied, and the saturation temperatures of the stators were 
measured. Moreover, in Figure 6, bt/ht is represented on the horizontal 
axis, and values of temperature increase in the stators from the ambient 
temperature of the experiment (20°C) are represented on the vertical axis. 
Furthermore, the automotive alternator was operated at 3000, 3500, 4000, 
4500, and 5000 rpm, the saturation temperatures of the stators measured, 
and the largest values used as the saturation temperatures of the stators. 

In Figure 6, the values of temperature increase in the stators adopt 
a curve having a point of inflexion at bt/ht = 0.27. In a region of the curve 
where bt/ht is greater than 0.15 and less than 0.27, the values of 
temperature increase in the stators increase slowly as bt/ht decreases, and 
in a region of the curve where bt/ht is less than 0.15, the values of 
temperature increase in the stators increase rapidly as bt/ht decreases. 
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On the other hand, in a region of the curve where bt/ht is greater than 0.27 
and less than 0.4, the values of temperature increase in the stators increase 
slowly as bt/ht increases, and in a region of the curve where bt/ht is greater 
than 0.4, the values of temperature increase in the stators increase rapidly 
as bt/ht increases. Thus, in a region of the curve where bt/ht is greater 
than 0.15 and less than 0.4, the values of temperature increase in the 
stators are suppressed to 170°C or less. 

It can be inferred from this that when bt/ht is less than 0.27, the 
ventilation channels 100 become narrow, increasing the speed of the cooling 
airflows flowing inside the ventilation channels 100, thereby promoting 
heat transfer from inner wall surfaces of the coil end groups constituting 
the ventilation channels 100, but when bt/ht is less than 0.15, the 
ventilation channels 100 become too narrow, making the cooling airflow rate 
through the ventilation channels 100 extremely small, thereby leading to a 
drop in cooling airflow speed and a deterioration in cooling. Furthermore, 
it can be inferred that when bt/ht is greater than 0.27, ventilation 
resistance in the ventilation channels 100 decreases sharply and the cooling 
airflow rate increases, effectively increasing the speed of the cooling 
airflows, thereby promoting heat transfer from inner wall surfaces of coil 
end groups constituting the ventilation channels 100, but when bt/ht is 
greater than 0.4, cross-sectional areas of the airflows in the ventilation 
channels 100 become too wide, leading to a drop in cooling airflow speed and 
a deterioration in cooling. 

Now, since the softening temperature of the varnish is 230°C, when 
decreases in output resulting from reduced field current due to ambient 
temperature increases are taken into consideration, if the values of 
temperature increase at the ambient temperature of 90°C are suppressed to 
140°C or less, the temperature of the stator can be prevented from 
exceeding the softening temperature of the varnish even under the worst 
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operating conditions. A temperature increase of 140°C at an ambient 
temperature of 90°C corresponds to a temperature increase of 170°C at an 
ambient temperature of 20°C. Consequently, in consideration of softening 
of the varnish, it can be seen from Figure 6 that it is desirable to make bt/ht 
greater than 0.15 and less than 0.4. Thus, an automotive alternator can be 
achieved in which resistance to heat degradation is improved and 
deterioration in electrical insulation resulting from loosening of the bonding 
between the stator winding 16 and the stator core 41 is suppressed. 

In addition, it can be seen from Figure 6 that where bt/ht is greater 
than or equal to 0.22 and less than or equal to 0.32, the values of 
temperature increase are stabilized between 166. 3°C and 165°C. Thus, 
because the temperature of the stator is further stabilized and suppressed 
by setting bt/ht to greater than or equal to 0.22, or less than or equal to 0.32, 
a high output automotive alternator can be achieved. 

Moreover, in Embodiment 1 above, the winding phase portions are 
each constituted by a distributed winding portion installed in every third 
slot 44 such that strands of the conductor wire therein extend outwards 
from any given slot 44, the first half extending to the first circumferential 
side and entering the subsequent slot 44 three slots away on the first 
circumferential side, and the remaining second half thereof extending to the 
second circumferential side and entering the subsequent slot 44 three slots 
away on the second circumferential side, but similar effects can be achieved 
even if the stator winding phase portions are each constituted by a wave 
winding installed in every third slot 44 such that strands of the conductor 
wire therein extend outwards from any given slot 44, extend to the first 
circumferential side, and enter the subsequent slot 44 three slots away on 
the first circumferential side. 

Embodiment 2 
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Figure 7 is a perspective showing a stator of an automotive 
alternator according to Embodiment 2 of the present invention, and Figure 
8 is a partial side elevation showing the stator of the automotive alternator 
according to Embodiment 2 of the present invention. 

In Figures 7 and 8, a stator 40 A is constituted by: a stator core 
41A; and a stator winding 16A installed in the stator core 41A. The stator 
core 41A is prepared in a similar manner to the stator core 41 in 
Embodiment 1 above, and tooth portions 42A each extending from a base 
portion 43A thereof are formed at a ratio of bt/ht = 0.25 (bt = 2.5 mm, ht - 
10.0 mm). Moreover, there are seventy-two slots 44 A formed in the stator 
core 41A. Here, because the number of magnetic poles in the rotor 7 is 
twelve, the slots are formed at a ratio of two per phase per pole. 

The stator winding 16A is constituted by two three-phase 
alternating-current windings in each of which three of six winding phase 
portions 45A are formed into an alternating-current connection (a Y 
connection, for example), the winding phase portions 45A each being formed 
by winding a conductor wire 29 in a wave shape into every sixth slot 44A, 
the conductor wire 29 being composed of a copper wire material having a 
circular cross section coated with an electrical insulator. 

The winding phase portions 45A are each constructed into a wave 
winding in which the conductor wire 29 is wound for a predetermined 
number of winds, the winding phase portions 45A each being formed into a 
distributed winding portion having a wave-shaped pattern composed of: 
twelve slot-housed portions 45a arranged at a pitch of six slots in a 
circumferential direction; and linking portions 45b linking together a first 
half of end portions of adjacent pairs of the slot-housed portions 45a 
alternately at first and second axial ends and linking together a second half 
of the end portions alternately at the first and second axial ends. Moreover, 
the slot-housed portions 45a of the winding phase portions 45A are 
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arranged in a similar manner to the slot-housed portions 45a of the winding 
phase portions 45 shown in Figure 4, but at a pitch of six slots. The 
winding phase portions 45 A are installed in the stator core 41A such that 
the slot-housed portions 45a are housed in a corresponding group of slots 
44A disposed at a pitch of six slots in a circumferential direction. 

The six winding phase portions 45A are installed in the stator core 
41A so as to be offset from each other by a pitch of one slot (IP) in a 
circumferential direction and are stacked into six layers radially. The coil 
ends (the Unking portions 45b) of the six winding phase portions 45A 
constitute front-end and rear-end coil end groups 16f and 16r of the stator 
winding 16A. 

In the stator 40A constructed in this manner, ventilation channels 
100A formed by the coil end groups 16f and 16r and the tooth portions 42A 
of the stator core 41 A are also arranged circumferentially. Moreover, 
although not shown, a varnish is impregnated into the slots 44A which 
house the stator winding 16A, fixing the stator winding 16A to the stator 
core 41 A. 

The rest of the embodiment is constructed in a similar manner to 
Embodiment 1 above. 

According to Embodiment 2, because the tooth portions 42A of the 
stator core 41A are each formed at a ratio of bt/ht = 0.25, heat dissipation 
from the coil end groups 16f and 16r is large compared to Embodiment 1 
above, where the ratio of bt/ht equals 0.35, thereby enabling temperature 
increases in the stator 40A to be suppressed. 

Because the slots 44A are formed at a ratio of two per phase per pole, 
the number of ventilation channels 100A formed between the coil end 
groups 16f and 16r and end surfaces of the stator core 41A is twice the 
number in Embodiment 1 above, further suppressing temperature increases 
in the stator 40A and reducing wind noise. 
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Embodiment 3 

As shown in Figure 9, in Embodiment 3, the entire axial lengths of 
blades 5a of the cooling fans 5 substantially overlap the coil end groups 16f 
and 16r in a radial direction. The rest of the embodiment is constructed in 
a similar manner to Embodiment 2 above. 

According to Embodiment 3, because the entire axial lengths of the 
blades 5a of the cooling fans 5 substantially overlap the coil end groups 16f 
and 16r in a radial direction, cooling airflows generated by the cooling fans 
5 are reliably supplied to the coil end groups 16f and 16r, increasing cooling 
of the coil end groups 16f and 16r. In addition, because discharge sides of 
the cooling fans 5 are shielded by the coil end groups 16f and 16r, sound 
propagation is effectively blocked, reducing wind noise. 

Embodiment 4 

Figure 10 is a perspective showing a stator of an automotive 
alternator according to Embodiment 4 of the present invention, Figure 11 is 
a partial side elevation showing the stator of the automotive alternator 
according to Embodiment 4 of the present invention, and Figure 12 is a 
partial perspective explaining a construction of one winding phase portion 
of a stator winding in the stator in Figure 10. 

In Figures 10 to 12, a stator 40B is constituted by: a stator core 
41B; and a stator winding 16B installed in the stator core 41B. The stator 
core 4 IB is prepared in a similar manner to the stator core 41A in 
Embodiment 2 above, and tooth portions 42B each extending from a base 
portion 43B thereof are each formed at a ratio of bt/ht = 0.25 (bt = 2.5 mm, 
ht = 10.0 mm). Moreover, there are ninety-six slots 44B formed in the 
stator core 41B. Here, a rotor having sixteen magnetic poles is used, the 
slots being formed at a ratio of two per phase per pole. 
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The stator winding 16B is constituted by two three-phase 
alternating-current windings in each of which three of six winding phase 
portions 45B are formed into an alternating-current connection (a Y 
connection, for example), the winding phase portions 45B each being formed 
by inserting a large number of first and second conductor segments 50 and 
51 into the slots 44B and joining together free end portions of the conductor 
segments 50 and 51, the first and second conductor segments 50 and 51 
being composed of a copper wire material having a rectangular cross section 
coated with an electrical insulator. 

The rest of the embodiment is constructed in a similar manner to 
Embodiment 2 above. 

A construction of the stator winding 16B will now be explained in 

detail. 

Each of the winding phase portions 45B is constituted by a large 
number of the first conductor segments 50 and a large number of the second 
conductor segments 51. The first conductor segments 50 are each formed 
by bending a short length of the copper wire material having the 
rectangular cross section coated with the electrical insulator into a general 
U shape in which a pair of first slot-housed portions 50a face each other so 
as to be separated at a pitch of six slots circumferentially and are offset 
radially by a width (W) of the first conductor segment 50 by means of a first 
turn portion 50b. Furthermore, the second conductor segments 51 are 
each formed by bending a short length of the copper wire material having 
the rectangular cross section coated with the electrical insulator into a 
general U shape in which a pair of second slot-housed portions 51a face each 
other so as to be separated at a pitch of six slots circumferentially and are 
offset radially by a predetermined amount by means of a second turn 
portion 51b. The amount of radial offset between the pair of second slot- 
housed portions 51a corresponds to an amount in which two first slot- 
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housed portions 50a can be accommodated. 

The first conductor segments 50 are inserted into the stator core 
4 IB from a rear end into pairs of slots 44B six slots apart, and first free end 
portions 50c extending outwards at a front end are bent into a splayed 
shape. Here, the first conductor segments 50 are each inserted into a 
second position in a slot depth direction (corresponding to the radial 
direction) ("a second address") in a first slot of each of the pairs of slots 44B, 
and into a third position in the slot depth direction ("a third address") in a 
second slot of each of the pairs of slots 44B. 

The second conductor segments 51 are inserted into the stator core 
4 IB from a rear end into the pairs of slots 44B into which the first conductor 
segments 50 are inserted, and second free end portions 51c extending 
outwards at the front end are bent into a splayed shape. Here, the second 
conductor segment 51 are each inserted into a fourth position in the slot 
depth direction ("a fourth address": deepest portion) in the first slot of each 
of the pairs of slots 44B, and into a first position in the slot depth direction 
("a first address": shallowest portion) in the second slot of each of the pairs 
of slots 44B. 

Then, the second free end portions 51c of the second conductor 
segments 51 extending outwards at the front end from the first address and 
the first free end portions 50c of the first conductor segments 50 extending 
outwards at the front end from the second address are lined up in a radial 
direction and joined together by welding, soldering, etc. Similarly, the first 
free end portions 50c of the first conductor segments 50 extending outwards 
at the front end from the third address and the second free end portions 51c 
of the second conductor segments 51 extending outwards at the front end 
from the fourth address are fined up in a radial direction and joined 
together by welding, soldering, etc. Thus, four winding sub-portions 
having one turn each are formed by finking large numbers of the first and 
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second conductor segments 50 and 51. Then, the first winding phase 
portion 45B, which has four turns, is constructed by connecting the four 
winding sub-portions in series. 

Here, the four first and second slot-housed portions 50a and 51a are 
housed in each of the slots 44B so as to line up in one row with the 
longitudinal axes of the rectangular cross sections of the four first and 
second slot-housed portions 50a and 51a aligned in the slot depth direction. 
At the rear end, the first and second turn portions 50b and 51b are stacked 
up in two layers axially and arranged circumferentially at a pitch of six 
slots. At the front end, joint portions 53 joining the first and second free 
end portions 50c and 51c are lined up radially and arranged in two rows in a 
circumferential direction at a pitch of six slots. Moreover, the first and 
second turn portions 50b and 51b constitute rear-end coil ends, and the first 
and second free end portions 50c and 51c which are linked by the joint 
portions 53 constitute front-end coil ends. 

The six winding phase portions 45B are installed in the stator core 
4 IB so as to be offset from each other by one slot in a circumferential 
direction, constituting the stator 40B. The first and second free end 
portions 50c and 51c which are linked by the joint portions 53 are arranged 
circumferentially at a pitch of one slot to form two rows, constituting the 
front-end coil end group 16f. The first and second turn portions 50b and 
51b which are stacked up in two layers axially are arranged 
circumferentially at a pitch of one slot, constituting the rear-end coil end 
group 16r. Thus, ventilation channels 100B are formed between the front- 
end and rear-end coil end groups 16f and 16r and end surfaces of the stator 
core 4 IB. Moreover, each of the first and second conductor segments 50 
and 51 constituting each of the winding phase portions 45B is installed in a 
wave winding so as to extend outwards at an end surface of the stator core 
4 IB from an inner layer in any given slot 44B, fold over, and enter an outer 
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layer in a slot 44B six slots away. 

In Embodiment 4, because the tooth portions 42B extending from 
the base portion 43B are each formed at a ratio of bt/ht = 0.25, temperature 
increases in the stator 40B can be suppressed in a similar manner to 
Embodiment 2 above. 

The first and second free end portions 50c and 51c which are linked 
by the joint portions 53 are lined up neatly to form two rows in a 
circumferential direction, constituting the front-end coil end group 16f, and 
the first and second turn portions 50b and 51b are lined up neatly in a 
circumferential direction to form two layers in an axial direction, 
constituting the rear-end coil end group 16r. Thus, because the surface 
areas of the first and second conductor segments 50 and 51 which are 
exposed to the cooling airflows flowing through the ventilation channels 
100B are increased, cooling of the stator is improved compared to 
Embodiment 2 above. In addition, because the ventilation channels 100B 
are arranged uniformly in a circumferential direction, and the ventilation 
channels 100B are formed in a generally uniform shape, the coil end groups 
16f and 16r are cooled in a well-balanced manner, improving cooling of the 
stator and reducing wind noise compared to Embodiment 2 above. 

Embodiment 5 

Figure 13 is a perspective showing a stator used in an automotive 
alternator according to Embodiment 5 of the present invention, Figure 14 is 
a partial side elevation showing the stator used in the automotive 
alternator according to Embodiment 5 of the present invention, and Figures 
15 and 16 are partial perspectives explaining a winding construction of a 
stator winding in the stator used in the automotive alternator shown in 
Figure 13. 

In Embodiment 5, continuous conductor wires 60 composed of a 
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copper wire material having a rectangular cross section coated with an 
electrical insulator are used as electrical conductors. 

In Figures 13 and 14, a stator 40C is constituted by: a stator core 
41C; and a stator winding 16C installed in the stator core 41C. In the 
stator core 41C, tooth portions 42C extending from a base portion 43C 
thereof are each formed at a ratio of bt/ht = 0.25 (bt = 2.5 mm, ht = 10.0 mm). 
Moreover, there are ninety-six slots 44C formed in the stator core 41C. 
Here, a rotor having sixteen magnetic poles is used, the slots being formed 
at a ratio of two per phase per pole. 

The stator winding 16C is constituted by two three-phase 
alternating-current windings in each of which three of six winding phase 
portions 45C are formed into an alternating-current connection (a Y 
connection, for example), the winding phase portions 45C each being formed 
by winding one of the continuous conductor wires 60 in a wave shape into 
every sixth slot 44C. 

The rest of the embodiment is constructed in a similar manner to 
Embodiment 4 above. 

A construction of the stator winding 16C will now be explained in 

detail. 

Each of the winding phase portions 45C is constituted by four 
continuous conductor wires 60 installed into one of six (first to sixth) slot 
groups constituted by every sixth slot 44C. 

In a first slot group constituted by every sixth slot 44C, a first 
continuous conductor wire 60 is installed in a wave shape so as to 
alternately occupy the first address and the second address in every sixth 
slot 44C, and a second continuous conductor wire 60 is installed in a wave 
shape so as to alternately occupy the second address and the first address in 
every sixth slot 44C, forming two inner circumferential winding sub- 
portions having one turn each. In addition, a third continuous conductor 
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wire 60 is installed in a wave shape so as to alternately occupy the third 
address and the fourth address in every sixth slot 44C, and a fourth 
continuous conductor wire 60 is installed in a wave shape so as to 
alternately occupy the fourth address and the third address in every sixth 
slot 44C, forming two outer circumferential winding sub-portions having 
one turn each. A first winding phase portion 45C having four turns is 
formed by connecting these inner circumferential winding sub-portions and 
outer circumferential winding sub-portions in series. 

In addition, in second to sixth slot groups constituted by every sixth 
slot 44C, continuous conductor wires 60 are similarly installed, and second 
to sixth winding phase portions 45C having four turns each are formed by 
connecting the inner circumferential winding sub-portions and the outer 
circumferential winding sub-portions in series. 

Two three-phase alternating-current windings are constructed by 
connecting three of the first to sixth winding phase portions 45C 
constructed in this manner into each of two alternating-current connections. 
The two three-phase alternating-current windings constitute the stator 
winding 16C. 

Moreover, four continuous conductor wires 60 are housed in each of 
the slots 44C so as to line up in one row in a slot depth direction (radial 
direction) with the longitudinal axis of the rectangular cross sections of the 
continuous conductor wires 60 aligned with the slot depth direction. 

Here, as shown in Figure 15, each of the inner circumferential 
winding sub-portions is constructed into a wave-shaped pattern in which 
straight portions 60a of the continuous conductor wires 60 are disposed at a 
pitch of six slots so as to be offset by a width (W) of the continuous conductor 
wires 60 alternately on a first and second side of a direction of disposal by 
turn portions 60b of the continuous conductor wires 60. As shown in 
Figure 16, two inner circumferential winding sub-portions installed in a 
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common slot group are offset by a pitch of six slots from each other to form a 
winding sub-portion pair in which the straight portions 60a are disposed 
one on top of another. In addition, the inner circumferential winding sub- 
portions of the first to sixth winding phase portions are constructed such 
that the winding sub-portion pairs therein are arranged to be offset by a 
pitch of one slot from those of the next winding phase portion. Moreover, 
the outer circumferential winding sub-portions are constructed in a similar 
manner to the inner circumferential winding sub-portions. 

In the stator 40C manufactured in this manner, the stator winding 
16C is constituted by twenty-four winding sub-portions 45C having one turn 
each, each being constructed by installing one continuous conductor wire 60 
so as to alternately occupy an inner layer and an outer layer in a slot depth 
direction in every sixth slot 44C. 

Coil ends folded over outside the slots at front-end and rear-end 
surfaces of the stator core 41C, that is, the turn portions 60b of the 
continuous conductor wires 60, are arranged uniformly in a circumferential 
direction to form two rows in a radial direction, constituting front-end and 
rear-end coil end groups 16f and 16r. 

Thus, in Embodiment 5, because the tooth portions 42C disposed so 
as to extend from the base portion 43C are each formed at a ratio of bt/ht = 
0.25, temperature increases in the stator 40C can be suppressed in a similar 
manner to Embodiment 4 above. 

The turn portions 60b are lined up neatly in a circumferential 
direction to form two rows, constituting the front-end and rear-end coil end 
groups 16f and 16r. Thus, because the surface areas of the continuous 
conductor wires 60 which are exposed to the cooling airflows flowing 
through the ventilation channels 100C are increased and the ventilation 
channels 100C are arranged uniformly in a circumferential direction, 
cooling of the stator is improved and wind noise is reduced in a similar 
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manner to Embodiment 4 above. 

In Embodiment 5, because each winding sub -portion 45 C having one 
turn is constituted by one continuous conductor wire 60, the complicated 
operations of inserting and joining the first and second conductor segments 
50 and 51 required in Embodiment 4 above can be omitted. 

In Embodiment 4 above, the front-end coil end group 16f is 
constituted by coil ends formed by joining together the first and second free 
end portions 50c and 51c of the first and second conductor segments 50 and 
51. Thus, because the joint portions 53 are present on apex portions of the 
coil ends, wind noise was generated due to interference between the cooling 
airflows and the joint portions 53. In Embodiment 5, on the other hand, 
the front-end coil end group 16f is constituted in a similar manner to the 
rear-end coil end group 16r by coil ends constituted by the turn portions 60b 
of the continuous conductor wires 60. Thus, wind noise resulting from 
interference between the cooling airflows and the joint portions 53 is 
eliminated, enabling wind noise to be reduced. 

Next, a method for assembling the stator 40C according to 
Embodiment 5 will be explained with reference to Figures 17 to 20C. 

First, twelve continuous conductor wires 60 are lined up in a plane 
at a pitch of one slot. Then, as shown in Figure 17, the twelve continuous 
conductor wires 60 are folded over together at a predetermined pitch (at the 
positions of the double-dotted chain lines), forming a strip-shaped winding 
unit 61 in which the twelve continuous conductor wires 60 are wound into a 
helical shape. 

A first pair of pin groups 62 is inserted between the continuous 
conductor wires 60 from a front side of the winding unit 61 at positions 
separated by a distance L relative to a width direction of the winding unit 
61. Similarly, a second pair of pin groups 62 is inserted between the 
continuous conductor wires 60 from a rear side of the winding unit 61 at 
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positions separated by a distance L in a width direction of the winding unit 
61. In addition, position-regulating pin groups 63 are inserted between the 
continuous conductor wires 60 at end portions in a width direction of the 
winding unit 61. Thus, the first, second, and position-regulating pin 
groups 62 and 63 are set as shown in Figure 18. Here, the distance L 
generally matches a groove length of the slots 44C (an axial length of the 
stator core 41C). 

Then, the pin groups 62 in the first pair of pin groups 62 inserted 
between the continuous conductor wires 60 from the front side of the 
winding unit 61 are moved in mutually opposite directions in a longitudinal 
direction of the winding unit 61, as indicated by solid arrows in Figure 18. 
Similarly, the pin groups 62 in the second pair of pin groups 62 inserted 
between the continuous conductor wires 60 from the rear side of the 
winding unit 61 are moved in mutually opposite directions in the 
longitudinal direction of the winding unit 61, as indicated by broken arrows 
in Figure 18. At this time, the continuous conductor wires 60 are 
prevented from coming apart because the position-regulating pin groups 63 
are inserted between the continuous conductor wires 60. 

Thus, the portions of the continuous conductor wires 60 positioned 
between the pairs of pin groups 62 are deformed so as to become 
perpendicular to the longitudinal direction of the winding unit 61, becoming 
the straight portions 60a housed inside the slots 44C. The portions of the 
continuous conductor wires 60 positioned outside the pairs of pin gr oups 62 
become the turn portions 60b linking straight portions 60a six slots apart. 
The winding assembly 65 shown in Figure 19 is manufactured in this 
manner. This winding assembly 65 has a construction equivalent to six of 
the winding sub-portion pairs shown in Figure 16 offset by a pitch of one 
slot from each other. In other words, the winding assembly 65 is 
constructed such that the continuous conductor wires 60 are formed into a 
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pattern in which the straight portions 60a are disposed at a pitch of six slots 
and linked by the turn portions 60b and adjacent straight portions 60a are 
alternately offset by a width of the continuous conductor wir es 60 on a first 
and second side of a direction of disposal by the turn portions 60b, pairs of 
continuous conductor wires 60 being formed by disposing two continuous 
conductor wires 60 so as to be offset by a pitch of six slots from each other 
with straight portions 60a stacked one on top of another, six pairs of 
continuous conductor wires 60 being offset by a pitch of one slot from each 
other. 

A rectangular parallelepiped core 70 is manufactured by laminating 
a predetermined number of magnetic steel plates 30 cut to a predetermined 
length and laser welding outer circumferential portions thereof. The 
rectangular parallelepiped core 70 includes: a base portion 70a; tooth 
portions 70b disposed so as to extend from the base portion 70a at a 
predetermined pitch; and slots 70c which are defined by the base portion 
70a and adjacent pairs of the tooth portions 70b. Insulators (not shown) 
are mounted in each of the slots 70c of the rectangular parallelepiped core 
70, and then, as shown in Figure 20A, two winding assemblies 65 are 
mounted one on top of the other in the rectangular parallelepiped core 70 by 
inserting the straight portions 60a into the slots 70c. Next, as shown in 
Figure 20B, the rectangular parallelepiped core 70 mounted with the two 
winding assemblies 65 is roUed up. Then, as shown in Figure 20C, first 
and second end portions of the rolled up core 70 are abutted, and the 
abutted portions are laser welded to obtain the cylindrical stator core 41C 
mounted with the two winding assemblies 65. In addition, the continuous 
conductor wires 60 are connected to obtain the stator 40C shown in Figure 
13. 

Because the winding assembly 65 constructed by integrating twelve 
continuous conductor wires 60 each formed into a wave shape so as to 
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alternately occupy an inner layer and an outer layer in a slot depth 
direction in every sixth slot 44C is manufactured this manner, the operation 
of installing the stator winding 16C is simplified and the number of joints in 
the continuous conductor wires 60 is significantly reduced, improving the 
rate at which the stator can be produced. 

Now, the winding assembly 65 used in Embodiment 5 above is 
manufactured so as to be constituted by a group of winding sub-portions 
45C each having one turn when installed in the stator core 41C, but 
winding assembly units may be used in which the winding assembly 65 is 
divided into two or three parts in a longitudinal direction. In that case, the 
group of winding sub-portions 45C each having one turn is constructed by 
installing the winding assembly units in the rectangular parallelepiped core 
70 so as to line up in one row, rolling up the rectangular parallelepiped core 
70, abutting and joining first and second end portions of the core 70, then 
joining each of the continuous conductor wires 60 in the winding assembly 
units. 

In Embodiment 5 above, because the slots are formed at a ratio of 
two per phase per pole, the winding assembly 65 is manufactured using 
twelve continuous conductor wires 60, but the invention can be applied to 
cases in which the slots are formed at a ratio of one or three or more per 
phase per pole, and the number of continuous conductor wires 60 
constituting the winding assembly 65 may be selected appropriately so as to 
match the ratio of slots per phase per pole. For example, when the slots 
are formed at a ratio of one per phase per pole, the winding assembly is 
constructed such that the continuous conductor wires are formed into 
pattern in which straight portions are disposed at a pitch of three slots 
linked by turn portions, and adjacent straight portions are alternately offset 
by a width of the continuous conductor wires on a first and second side of a 
direction of disposal by the turn portions, pairs of continuous conductor 
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wires being formed by disposing two continuous conductor wires so as to be 
offset by a pitch of three slots from each other with straight portions stacked 
one on top of another, three pairs of continuous conductor wires being offset 
by a pitch of one slot from each other. 

In Embodiment 5 above, the continuous conductor wires 60 of the 
winding assembly 65 are formed into a pattern in which the straight 
portions 60a are alternately offset by a width of the continuous conductor 
wires 60 by the turn portions 60b, but continuous conductor wires of a 
winding assembly may be formed into a pattern in which straight portions 
are alternately offset by twice a width of the continuous conductor wires by 
turn portions. In that case, an air gap equivalent to two continuous 
conductor wires is formed between the straight portions of continuous 
conductor wires constituting a pair, and a stator winding similar to that of 
Embodiment 4 can be obtained by inserting the above-mentioned winding 
assembly 65 into a winding assembly manufactured in this manner and 
installing the two winding assemblies into a stator core. 

Embodiment 6 

As shown in Figure 21, in Embodiment 6, first and second tooth 
portions 42D 2 and 42D 2 of a stator core 4 ID are disposed so as to extend 
from a cylindrical base portion 43D alternately in a circumferential 
direction. The first tooth portions 42Dj are each formed at a ratio of bt/ht = 
0.2 (bt = 2.0 mm, ht = 10.00 mm), and the second tooth portions 42D 2 are 
each formed at a ratio of bt/ht = 0.3 (bt = 3.0 mm, ht = 10.00 mm). 
Furthermore, ninety-six slots 44D are formed, each of which is defined by 
the base portion 43D and a pair of adjacent tooth portions constituted by 
one first tooth portion 42Dj and one second tooth portion 42D 2 . 

The rest of the embodiment is constructed in a similar manner to 
Embodiment 5 above. 
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Because Embodiment 6 includes the first tooth portions 42D U which 
are each formed at a ratio of bt/ht = 0.2, and the second tooth portions 42D 2) 
which are each formed at a ratio of bt/ht = 0.3, temperature increases in the 
stator can be suppressed in a similar manner to Embodiment 5 above. 

In Embodiment 6, because the first tooth portions 42B U which each 
have a width bt of 2.0 mm, and the second tooth portions 42D 2 , which each 
have a width bt of 3.0 mm, are disposed alternately in a circumferential 
direction, the slots 44D are arranged at a nonuniform pitch in a 
circumferential direction. In other words, ventilation channels formed by 
coil end groups and the tooth portions 42Di and 42D 2 of the stator core 4 ID 
are arranged at a nonuniform pitch in a circumferential direction. 
Furthermore, the width of the ventilation channels is nonuniform. Thus, 
because periodic wind noise arising due to cooling airflows passing through 
ventilation channels which are disposed at an even angular pitch in a 
circumferential direction is dispersed by arranging the ventilation channels 
at a nonuniform pitch in the circumferential direction, wind noise can be 
reduced. 

Moreover, each of the above embodiments has been explained with 
reference to stator cores in which the slots are formed at a ratio of one or 
two per phase per pole, but similar effects can also be achieved if the 
present invention is applied to a stator core in which slots are formed at a 
ratio of three or more per phase per pole. 

Each of the above embodiments has been explained as applying to 
an automotive alternator of the type in which the field winding 13 is 
installed in the first and second pole cores 20 and 21 so as to be covered by 
the first and second claw-shaped magnetic poles 22 and 23 and rotate with 
the first and second claw-shaped magnetic poles 22 and 23 and the field 
current is supplied to the field winding through the brushes 10, but similar 
effects will also be exhibited if the present invention is applied to a 
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brushless automotive alternator in which a field winding is secured to a 
bracket and a rotating magnetic field is supplied to a stator through air 
gaps. 

The present invention is constructed in the above manner and 
exhibits the effects described below. 

According to one aspect of the present invention, there is provided 
an automotive alternator including: 

a shaft rotatably supported by a case; 

a rotor fixed to the shaft, the rotor being provided with: 

a field winding for generating a magnetic flux on passage of 
an electric current therethrough; and 

a plurality of claw-shaped magnetic poles disposed 
circumferentially on an outer circumferential side of the field winding, the 
claw-shaped magnetic poles being magnetized by the magnetic flux 
generated by the field winding; and 
a stator provided with: 

a cylindrical stator core supported by the case so as to 
envelop the rotor, a plurality of slots extending axially being formed in the 
stator core so as to line up circumferentially; and 

a stator winding installed in the stator core, 
wherein the stator core is constructed by laminating a magnetic 
steel plate, the stator core being provided with: 
a cylindrical base portion; 

a plurality of tooth portions disposed so as to extend from the 
base portion toward an axial center; and 

the plurality of slots, each of the slots being defined by the 
base portion and an adjacent pair of the tooth portions; 

ventilation channels are formed by a coil end group of the stator 
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winding and the tooth portions of the stator core, a cooling airflow 
generated by rotation of the rotor flowing through each of the ventilation 
channels in a radial direction from an inner circumferential side; and 

each of the tooth portions is formed such that a radial length ht and 
a width bt thereof satisfy an expression 0.15 < bt/ht < 0.4, thereby providing 
an automotive alternator in which temperature increases in the stator are 
suppressed, heat degradation tolerance is improved, and deterioration in 
electrical insulation can be suppressed. 

A cooling fan may be fixed to an axial end surface of the rotor, 
improving cooling of the stator. 

Air discharge apertures may be formed in a radial side surface of the 
case so as to correspond to the ventilation channels, increasing cooling of 
the stator and reducing wind noise. 

An entire axial length of a blade of the cooling fan may substantially 
overlap the coil end group in a radial direction, further increasing cooling of 
the stator and effectively blocking sound propagation, thereby reducing 
wind noise. 

The stator winding may be installed in the stator core as a 
distributed winding, reducing irregularities on inner wall surfaces of the 
ventilation channels, thereby improving cooling of the stator 

The stator winding may be constituted by a plurality of winding 
sub-portions each constructed by installing an electrical conductor so as to 
alternately occupy an inner layer and an outer layer in a slot depth 
direction in the slots at a predetermined slot interval, whereby the 
ventilation channels are arr anged uniformly in a circumferential direction 
and the ventilation channels are each formed in a generally uniform shape, 
cooling the coil end groups in a well-balanced manner, thereby improving 
cooling of the stator. 

The slots may be formed at a ratio of two or more per phase per pole, 
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increasing the number of ventilation channels and improving cooling of the 
stator. 

The ventilation channels may be arranged at a non-uniform pitch, 
dispersing periodic wind noise caused by the cooling air-flows on passage 
through the ventilation channels, thereby reducing wind noise. 
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